The incorporation of fiber into products consumed every day by the general population is important and viable. The aim of the present work was to evaluate the impact of incorporating orange juice industry dietary fiber byproducts in fettuccini of fresh pasta. Three different fiber concentrations were added to fresh pastas (25 g/kg, 50 g/kg and 75 g/kg). The results showed a significant increase in solid loss content when the incorporation of orange fiber was greater than 50 g/kg. This difference did not occur regarding weight increase values and color parameters. The pasta with 75 g/kg orange fiber can be considered a "high fiber" product, with the total dietary fiber content of the pasta increasing by 99% compared to control pasta. The carotenoid and phenolic contents of pasta increased significantly with the incorporation of fiber at 75 g/kg, but only the pasta formulation with 25 g/kg of orange fiber did not differ from control pasta in relation to all of the sensory attributes and presented an acceptance greater than 75%. The addition of orange fiber byproducts to pastas is an interesting alternative because fiber has a high nutritional value and an abundance of antioxidants.
Introduction
Recently, more attention has been dedicated to the utilization of fruit processing byproducts. Such use contributes to a better utilization of available resources and results in the production of various new ingredients containing dietary fiber (D'Shea et al., 2012; Lima et al., 2014) . The use of byproducts is of interest due to functional, technological and nutritional properties, as well as health benefits, reduced risks of industrial environmental contamination and lower costs (Schieber et al., 2001 ).
An important and potential source of dietary fiber are orange juice industrial byproducts because this material is available in large quantities, has a low cost and has associated bioactive compounds (Romero-Lopez et al., 2011; Grigelmo-Miguel & Martıń-Belloso, 1999) . All of these factors make the use of dietary fiber byproducts in different products interesting and viable.
The fiber obtained from orange juice byproducts can be used as an ingredient in the food industry, mainly for its nutritional and functional characteristics. Drange fibers have a high content of total dietary fiber and are a good source of bioactive compounds such as phenolics and carotenoids (Crizel et al., 2013) .
The incorporation of fiber into wheat flour in products consumed every day by the general population is important and viable. Among these products, pasta stands out due to a generally good acceptance and worldwide consumption due to low cost, manufacturing ease, versatility, sensory attributes and long shelf life (Bergman et al., 1994) . According to Abima Some studies have indicated the possibility of adding dietary fiber fruit byproducts to wheat flour in pasta preparations, but the results remain controversial due to these additions influencing the organoleptic properties of pasta. Ajila et al. (2010) evaluated the incorporation of mango peel powder to macaroni and found that it resulted in an increase in the content of polyphenols, carotenoids and dietary fiber. The pasta with 50 g/kg fiber had a good acceptability by the panelists, although there has been an increase of solid loss during the cooking. The incorporation of grape marc powder in fettuccini pasta increased the total phenolic content, condensed tannins, anthocyanin and antioxidant compounds. However, the incorporation of grape powder caused a decrease in the acceptance of the aroma, aftertaste, flavor and appearance in the sensory analysis (Sant' Anna et al., 2014) .
The objective of the present work is to evaluate the impact of incorporating orange juice industry byproducts dietary fiber in fettuccini fresh pastas. The pastas were evaluated in relation to their nutritional, cooking and sensory properties.
Materials and methods

Orange fiber
The orange fiber was prepared from byproducts from the orange juice industry such as peel, pulp (flavedo and albedo), and seeds. The fresh material was provided by "Pure Juice", a Effects of orange by-product fiber incorporation on the functional and technological properties of pasta company located in Porto Alegre (RS/Brazil). The orange fiber was prepared according to the methodology by Crizel et al. (2013) . The residues were dried in oven with forced air circulation (DeLeo, Model B5AFD, Brazil) at 55 °C for 24 hours. The milled fiber was separated using sieves for particle size analysis (Bertel, Brazil); the separated particles were smaller than 125 mm (mesh 115).
Pasta preparation
The fresh pasta was prepared with wheat flour (Triticum aestivum, 12 g/kg moisture, 98 g/kg protein) (Drquídea, Moinho Tondo, Brazil), filtered water and different concentrations of orange dietary fiber. Fettuccini pastas (FP) were coded FP0, FP25, FP50, and FP75 according to the percentage of orange byproduct dietary fiber incorporation: 0 g/kg, 25 g/kg, 50 g/kg and 75 g/kg, respectively. In each formulation, the wheat flour, orange fiber and water (300 g/kg) were mixed in an industrial mixing machine (G. Paniz, Mod 90334, Brazil) for 15 minutes. Afterwards, the dough was extruded (G. Paniz, Mod 90334, Brazil) through a die to obtain the fettuccini shape (0.5-cm wide and 2-mm thick) and the product was manually cut into 20-cm pieces.
Proximate composition
The pasta proximate analyses were performed according to the Association of Dfficial Analytical Chemist (1990) . The moisture content was determined at 105 °C (DeLeo, model 48 TLK, Brazil). The total protein content (% N x 5.7) was determined by the Kjeldahl method. The lipid content was determined using a Soxhlet extractor (Foss Soxtec, model 2055 TM , Denmark). The ash content was performed in a muffle furnace (Elektro Therm Linn, 312.6 SD LM 1729, Germany) set to 550 °C. The carbohydrate content was determined by the difference from the above measurements. The results are expressed as grams per 100 g of dry matter (DM). All analyses were performed in triplicate.
Dietary fiber composition
The total dietary fiber, both soluble and insoluble, was determined by the enzyme-gravimetric method described by the Association of Dfficial Analytical Chemist (1990), method 991.43.
Pasta quality
Pasta cooking quality
Dptimum cooking time (DCT), solid loss and cooked weight methodology were determined according to the American Association of Cereal Chemists Dfficial Methods 16-50 and 16-51 (American Association of Cereal Chemists, 2000). Pasta (10 g) was broken into 5-cm pieces and cooked in boiling distilled water (170 ml). Boiling was maintained during the cooking period. The time when the inner white core of the pasta disappeared was identified as the DCT (al dente point). After cooking, the pasta was drained for 1 min to expel the residual water. An aliquot of 10 ml of cooking water was put into a metal capsule and dried at 105 °C (DeLeo, model 48 TLK, Brazil) until constant weight to evaluate the presence of solids from the pasta. The solid loss was expressed as a percentage of the raw pasta. At this stage, pasta samples were weighed to determine the cooked weight and the percentage of weight increase. All tests were performed in triplicate.
Total phenolic compounds
The determination of total phenolic compounds present in control pasta and orange fiber-incorporated pasta (cooked and uncooked) was performed by the spectrophotometric method of Folin and Ciocalteu (Singleton & Rossi, 1965) using gallic acid as a standard. The absorbance was measured at 725 nm, and the results are expressed as milligrams of gallic acid equivalents (GAE) per gram of dry sample (mg/g). To extract the total phenolic compounds, 3.0 g of sample was homogenized with 10 mL of a methanol:water (80:20 v/v) solution acidified with 1% HCl in an Ultra-Turrax homogenizer (IKA, Ultra-Turrax_ T25 digital, Germany) for 2 min. The extract was then allowed to stand for 1 hour and was centrifuged (25000 × g for 20 min, Hitachi, model CR216III, Japan) at 4 °C.
Total carotenoids
Pasta samples (cooked and uncooked) (3 g) were homogenized with 10 mL of ethanol in an Ultra-Turrax homogenizer (IKA, Ultra-Turrax_ T25 digital, Germany) for 2 min to extract the carotenoids. The extract was allowed to stand for 1 hour and was then centrifuged (25000 × g for 20 min, Hitachi, model CR216III, Japan) at 4 °C. The total carotenoid content was estimated according to the method described by Lichtenthaler (1987) using the carotenoid found in the highest amount in the orange fiber by Crizel et al. (2013) , the lutein (Absorption coefficient: 2550), and employing the Equation 1 below. The absorbance was measured at 445 nm using a spectrophotometer, and the total carotenoids obtained from equation are expressed as micrograms per gram of dry sample. (1)
Color evaluation
The color of uncooked and cooked pasta was assessed with a colorimeter (Minolta®, CR400, Japan) following the color system of CIE-L*a*b*, where the L* value (brightness) ranges from black (0) to white (100), the chroma a* value ranges from green (-60) to red (+60), and the chroma b* value ranges from blue (-60) to yellow (+60) (Minolta, 1993) . The results are stated as the color differential (ΔE) between uncooked and cooked pasta and are calculated as follows Equation 2:
where ΔL is calculated as L* uncooked sample minus L*cooked sample; Δa is calculated as a* uncooked sample minus a*cooked sample, and Δb is calculated as b* uncooked sample minus b*cooked sample. The results are the mean of three determinations.
Sensory analysis
Samples of fresh pasta were sensory evaluated by the acceptance test. Each analysis was performed by 50 untrained members between 15 and 60 years old. The samples were cooked and served on disposable plates with approximately 30 g of each sample coded with a three digit random numbers. Acceptance attributes such as appearance, color, texture, flavor, aftertaste and overall acceptability were evaluated using a 9-point hedonic scale (Meilgaard et al., 2007) . The pastas were served with commercial red sauce. The sensory evaluation of samples was performed on different days. The study was approved by the Ethics Committee of the University (Protocol No: 21912), and participants were informed of all of the details of the study. To calculate the percentage of acceptance of each attribute, Equation 3 was used (Dutcosky, 1996) .
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Statistical analysis
The results were evaluated by analysis of variance (ANDVA) and Tukey's tests at a significance level of 0.05 using the software Statistica 11.0. (STATSDFT Inc.).
Results and discussion
The chemical composition of pasta with orange dietary fiber byproduct incorporation and control pasta is presented in Table 1 . As can be observed, there were no statistically significant (p > 0.05) differences in moisture, protein, lipid and carbohydrate content.
The ash content increased in FP50 and FP75. However, these samples did not differ from each other.
For all pasta samples, the optimum cooking time was approximately 4 min, and the other cooking characteristics (solid loss and percentage weight increase) were estimated at this standard cooking time.
The cooking properties are an important parameter for the evaluation of pasta. Table 2 shows the cooking quality characteristics of control pasta (FP0) and orange fiber byproduct-enriched pastas (FP25, FP50 and FP75). As can be observed, FP25 was not significantly different compared to control pasta in solid loss. However, the solid loss significantly increased when the incorporation of orange fiber was 50 g/kg and 75 g/kg, but these pastas are considered to be of good quality because the cooking loss was smaller than 12% for all levels of addition (Hoseney, 1999) .
Similar results were obtained in a study by Ajila et al. (2010) who found that the incorporation of 50 g/kg and 75 g/kg of mango peel powder in dried macaroni also resulted in increased cooking loss (8.24% and 8.71%, respectively). The similarity between the study results may be associated with structural changes in the protein network caused by plant-derived dietary fiber addition (orange and mango) (Torres et al., 2007) .
Studies reveal that the use of higher temperatures in the drying step of pasta fabrication results in lower cooking losses (Granito et al., 2003) . In the present study, fresh pasta was produced without a drying stage, and even so, the solid losses were lower than the results presented by Ajila et al. (2010) for semolina dried pasta. Thus, it can be verified that even without the use of semolina and the drying step, the pasta can be produced with sufficient quality. Tudorica et al. (2002) reported that the increase in cooking loss could be due to the irregular distribution of water within the pasta matrix by the competitive hydration tendency of the fiber and due to an interruption of the protein-starch matrix.
Pasta samples showed no significant difference in increased weight values, indicating that the orange dietary fiber incorporation did not change the product quality.
There was a significant increase in the total dietary fiber (TDF) content in pasta supplemented with orange dietary fiber byproducts (Table 3 ). According to Brazilian normative nº 27 13/01/1998 (Brasil, 1998), foods can be considered as a source of fiber if the products have at least 3 g of fiber/100 g sample, and foods with a "high fiber" content have 6 g/100 g sample. Therefore, the pasta with 75 g/kg orange fiber can be considered a "high fiber" product. TDF increased from 3.77% (FP0) to 7.5% (FP75), an increase of 99%. The insoluble dietary fiber (IDF) content increased from 1.58% (FP0) to 4.36% (FP75). Padalino et al. (2014) developed a spaghetti enriched with pea flour and reported that the addition of 150 g/kg pea flour contributed to a significant increase in the total dietary fiber (7.50%) compared to the control sample (4.55%), representing an increase of 65% in fiber content. The added 150 g/kg of chickpea flour in pasta increased the total dietary fiber content by 48% in relation to a control pasta sample containing only semolina (Fares & Menga, 2012) . This difference in the increase in the total dietary fiber content of pastas is related to the chemical nature of the fiber added. Many studies show that some fruit byproducts are superior sources of dietary fibers compared to vegetables and cereals (Elleuch et al., 2011) .
The total content of carotenoids in pastas increased significantly with the addition of 50 g/kg and 75 g/kg of orange byproducts dietary fiber. However, there was a significant decrease in the carotenoid content after cooking. Lutein is the carotenoid with Table 1 . Proximate analysis of uncooked control and orange fiber-enriched pasta. the highest content in orange byproducts fibers and is cited as more oxidation labile, i.e., small temperature changes are required to reduce these compounds rapidly. (Crizel et al., 2013; Fratianni et al., 2010; Rodriguez-Amaya, 2001 ). Ajila et al. (2010) observed high yields of carotenoid content in macaroni enriched with mango peel powder. An increase of 18-fold was reported in the carotenoid level after pasta enrichment. However, the authors did not analyze the cooked pastas. The addition of 75 g/kg mango peel powder resulted in 84 ± 2 μg/g of carotenoid in the macaroni (Ajila et al., 2010) , which is higher than the result observed in our study (66.58 ± 1.62 μg/g). This difference can be related to the type and content of carotenoid found naturally in byproducts and to differences in the processing and fiber storage (RodriguezAmaya, 2001 ).
Phenolic compounds have been studied due to their diverse health benefits as antioxidants (Acosta-Estrada et al., 2014) . Drange fiber byproducts are a good source of phenolic compounds and can be used as a functional ingredient in pasta (Crizel et al., 2013 ).
There was a significant increase in the total phenolic content in pasta enriched in 75 g/kg of fiber (1.68 ± 0.15 mg GAE/g) when compared to control pasta (1.19 ± 0.05 mg GAE/g). A similar polyphenolic content was obtained by Dvando-Martinez et al. (2009) with cooked spaghetti supplemented with 45 g/kg of banana flour (1.68 mg GAE/g).
According to Hirawan et al. (2010) , the total phenolic content is affected by pasta cooking due to high temperature-induced dissolution of these compounds in the cooking water. However, statistical analysis showed that all of the pasta samples supplemented with orange fiber did not have differences (p > 0.05) in the content of total phenolic compounds after cooking. Boroski et al. (2011) observed lower content of phenolic compounds in pasta enriched with 100 g/kg of carrot leaf (1.20 mg GAE/g) compared to the results reported in this study.
The results of the color parameters of sample pastas are presented in Table 4 . The incorporation of orange fiber did not affect the parameters of the original pasta color. The L* parameter of uncooked pastas was not significantly different at the different levels of fiber. The cooked pastas showed significantly lower values for the L* parameter when compared to uncooked pastas, indicating that the samples turned darker after cooking. The a* and b* parameters did not differ after the orange fiber addition and cooking, being the positive values of a* parameter related to the intensity of redness in the sample and the b* parameter related to the yellowness of samples.
The difference in color (ΔE) calculated by Equation 2 showed that the incorporation of orange fiber byproducts resulted in a loss of pasta color after cooking that was not significantly different (p > 0.05) compared to the control pasta (FP0). The ΔE values for FP25, FP50 and FP75 were 18.66, 18.04 and 15.13, respectively, due to thermal degradation of carotenoid pigments in the pasta.
The results of fresh pasta acceptance attributes are evaluated in Table 5 . It was found that the analyzed attributes of appearance, flavor and texture showed no significant difference (p> 0.05) between the standard sample (FP0) and the sample pasta enriched with 25 g/kg orange fiber (FP25).
The addition of dietary orange fiber at 25 g/kg and 50 g/kg in pastas improved the pasta color according to the judges. The first quality parameter a customer can identify in food products is the color. It is the most important attribute used by the customer to evaluate the quality of a product and its probable taste without touching the product (Andrés-Bello et al., 2013) .
Sensory evaluation showed that the pastas with increased levels of incorporation of orange fiber decreased the attribute Table 2 . Cooking characteristics of control and orange fiber-enriched pasta*. acceptance of taste, aftertaste, and overall acceptance. While the FP75 sample presented averages of less than 4 (dislike slightly) for the aftertaste attribute, the low scores for these attributes can be associated with the presence of bitter taste due to orange seed and peel being used in the preparation of the fiber. Flavonoids in citrus fruit include flavonoids (naringin), flavones (nobiletin), and flavonols (quercetin). The flavones (tangeretin and nobiletin) are concentrated in the peel of unripe fruit and are the constituents of bitter citrus oils. Naringin is another very bitter compost found at the highest concentration in the pulp of immature fruit (Drewnowski & Gomez-Carneros, 2000) . These flavonoids indicate the need for a pretreatment of raw material to reduce the compounds responsible for bitterness (characteristic of orange fibers). According to Crizel et al. (2014) , pretreating the orange peel was an effective approach to decrease the bitter taste when the fiber (at 10 g/kg) was used as a fat replacement in lemon ice cream and did not change the product sensory properties.
The sensory results presented in this work were similar to those obtained by Ajila et al. (2010) with pasta enriched with mango peel powder. The sensory attributes of color and texture were not affected by the increase in the concentration of mango powder, but the judges rated these with the lowest means for attributes of flavor and overall acceptability. In the same way, Sant ' Anna et al. (2014) showed that fettuccini pasta with the incorporation of 25 g/kg, 50 g/kg and 75 g/kg of grape marc powder resulted in lower acceptance.
The fresh pasta supplemented with 25 g/kg and 50 g/kg of orange fiber obtained a percentage of overall acceptability of 76% and 64%, respectively, indicating that although the judges perceived aftertaste in these pastas, the product has market potential. The market potential can be evidenced by the results of physico-chemical and functional analysis, since in both formulations the addition of fiber does not negatively affect the samples cooking characteristics and color, and provided an increase in the value of total fibers and a significant increase in carotenoid content of the pastas supplemented with 50 g/kg of orange fiber.
It is interesting to highlight that the judges had no previous knowledge of the samples and their nutritional characteristics. Knowledge of these characteristics may positively affect the outcome of attribute acceptance given that healthier products that incorporate additional nutrients are being increasingly consumed by the population and, over the past few years, have changed Brazilian eating habits.
Conclusion
The incorporation of orange fiber byproducts in fresh pasta is an attractive alternative because they increased both the antioxidant capacity and fiber content of the fettuccini fresh pastas without altering their quality properties. Pasta supplemented with 25 g/kg of orange fiber can be considered a "source fiber" product, and the sensory analysis of its attributes suggests that this formulation has a great potential industrial application. However, a pretreatment of raw material should be realized for reduce the compounds responsible for bitterness (characteristic of orange fibers). Table 5 . Influence of orange fiber on the sensory acceptability of macaroni. 
